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1. INTRODUCTION

"This report documents the form-functions developed for the interior
ballistics computer code Interior Ballistics of High-Velocity Guns
(IBHVG), a FORTRAN program used inýthe Interior Tallijtics DivTsion of
the Ballistic Research Laboratory. IBHVG, based on the Baer-Frankle
code1 , will itself be the subject of a forthcoming report.

A "form-function" is any computational scheme for deterdining

either surface area, volume, or fraction burned for a burning propellant

grain at any instant from ignition to extinction based on initial dimen-
sions and depth burned. Either surface area or fraction burned is
generally required in interior ballistic calculations. The IBHVG code
does not use surface area so the form-functions described below omit
area derivation. Also, the traditional assumptions are made that all
grain surfaces erode at the same rate and all the perforations are of
equal diameter.

A variety ofapproaches to a number of grain geometries have been
taken in the past2,3. Stals, for example, not only deals with detailed
analyses of different grain types, but contains a wealth of background
information, history of attacks to the problem, aud an extensive biblio-
graphy. While this report does not attempt to supplant previous efforts,
it presents some novel -treatments which may prove applicable to codes
other than IBHVG. For example, the analyses of the seven- and nineteen-
perforated cases are based on a method of dealing with general cylindri-
cal grains4 . This method enables handling grains with unequal webs.

The FORTRAN coding embodying the methods of calculations will be
discussed in parallel with the development of all algorithms for ease of

SP. 0. Bae'•, and J. M. Frckla, "The Simulation of Interior Ballistic
Performance ofD Gun i by igital Computer Program," USA Balliatic Research
Laboratori0e8 Report 1183, USA Ballistic Research Laboratories, APG, 14D,
December 1962.

J.Corner, "Theory of the Interior Ballistice of Guns," John Wiley Afone, New York, 1060, pp. 30-36.

3 J. State, "Formn-Unotione for MuWtioomponent Propellant Charges
Including Inhibited Grains and Sliver Burn," Materials Research Labor-
atories Technical Note 371, Materiaae Research Laboratories, Maribyrnong,
Victoria, Australia, September 1978.

PF. R. Lynn, "DLveloprent of General Form-Functions for Muttiperfor-
ated Cylin•rical Propaliant GOrains," Ballistic Research Laboratory
Memorandum Report ARBiMR0O014, Banietio Reeearoh Laboratory, USA
ARRAXCWo APO, NDs March 1980.
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understanding. Also, FORTRAN computational hierarchy is followed through-
out the text. A comprehensive listing of the referenced subroutines
will be found in APPENDIX A.

II. SUBROI•TrINE ORGANIZATION

The result of the form-function calculations in IBHJG is the
fractions burned, at any instant, for the M propellants comprising the
charge, where 1 < M < S. At each time step, a call is mde to a single
subroutine, FORMV, which either performs the required operations or, In
the case of seven- or nineteen-perforated grains, calls auxiliary
routines GENIS and GENOS. APPENDIX A contains listings For those three
subroutines.

APPENDIX B notes all important input, output, aio c-ontrol Vnriables
used. Most are passed through COMMON, although a few are local,, No
other COM4MON variables pertain to FORP4T operation.

Subroutine FORMT is called whenever the calling program requires
the fractions burned, the Z array, of the N propellants being burned. A
glance at the listing reveals that FORMT is essentially one large loop,
processing each of the N propellants in turn. All computations for the
Jth propellant are bypassed if either it is entirely consumed, that is,

Z(J) > 1

or if logic elsewhere in IBHVG dictates that the condition flag

ICFLAG(J) a 0

which signifies that the ignition criterion for the Jth propellant has
not been met. However, if the propellant has ignited but is not yet
completely burned, execution continues. The depth burned for propellant
J is extracted from the Y array, having been calculated elsewhere prior
to entrance to FORM!, and twice this value is stored in U. Next, N(J),
the grain code for propellant J in Table 1 is examined, and a branch
taken to the appropriate area of FORKr. There, the fraction burned,
Z(J), is determined based on U, initial grain dimensions, and various
control variables, followed by a jump to the bottom of the loop. After
all M propellants have been processed, a return is made from FORWF to
the calling routine.

As Table 1 notes, there are ten different grain types dealt with
by IBHVG. The remainder of the report will be oncerned with consider-
ing the types in turn, devising a method of fi- ling Z for them at any
instant, and developing the POR.f coding based on these calculations.

III. GRAIN TYPE 1: SEVEN-PERFORAT9D CYLINDBE

An end view of this grain appears in Figure 1. It is a cylinder
pierced longitudinally by seven cylindrical holes arranged at the center
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Figure 1. Seven-Perforated Grain -- End View
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TABLE 1. IBHVG GRAIN GEOMETRIES AND CODES

GRAIN CODE GEOMETRY

1 7-perforated cylinder
2 1-perforated cylinder
3 cord
4 rectangular strip
5 sphere
6 slotted tube
7 37-perforated hexagonal
8 19-perforated hexagonal
9 19-perforated cylinder

10 7-perforated hexagonal

and vertices of a regular hexagon. Initially, suppose the grain to have
length GL(J), diameter D(J), perforation diameter PD(J), inner web
WI(J), and outer web WO(J).

On the first call to FORMF, i.e., at the beginning of the first
time step, COMMON variable I is set to 0. On succeeding passes, I will
be greater than zero, thereby forcing a branch to line 50, bypassing the
initialization section which is described next.

First, the middle web, WM(J) is zeroed as it is not used by this
grain type. Then the diameter is recomputed to absorb any inconsistencies
in grain dimensions. Figure 1 makes the calculation

D(J) ', 3 - PD(J) + 2 • (WZ(J) + WO(J)), (1)

clear. Next, the initial grain volume is determined and stored in
LI ' VO(J). The end area, B, of the grain is given by

E- T/4 D(J) 2  7 w/4 P(J)2  (2)

so the initial volume is

VO(J) - GL(J) B

2 2
- .25• GLCJ) (D(J) 2 - 7 PD(J)). (3)

Note that we assume 7 is passed through COMMN Variable P1.

The method developed in Reference 4 is employed and, in what follows,
its notation and nomenclature are used freely. For purposes of calcu-
lating the end-area of the grain, it is partitioned into one class of

10
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outer slivers congruent to ABDC and one class of inner slivers congruent
"to OAB.

Array IFLAG is the branch-flag array and two positions are ini-
tialized to -1 for this, the Jth propellant.

Array SP is the "side" array. Letting

WW a WI(J) + PD(J) (4)

represent the distance between centers of adjacent perforations, all
three sides of each sliver in both classes are set to length WW.

The last calculation in the initialization section is the deter-
mination of the grain's web, the shortest distance through the grain to
be broached as the grain burns. This is given by

WEBC(J) a min (WO(J), WI(J), GL(J)), (5)

the length being included to account for very short grains.

The post-initialization coding starts at line 50. The reduced
grain length, reduced grain diameter, and increased perforation diameter
are

GRL - max (GL () - U, 0)
O D-U (6)

PRFD - PD+U,

respectively, the maximum being taken to guarantee a non-negative grain

length. If

0 < U < WEBC(J),

the web is not broached and we determine end-area of the grain, 1, by
the same method as in the initialization section, so

2 2()E 7r/4 ' OD 7 ,r/4 PRFD (7)

yielding

Z(J) - I - GItL • E/VO(J). (8)

q ! O T 7
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However, if

WEBC(J) < U,

we branch to line 60 and employ routines GENIS and GENOS as described in
Reference 4 with one minor modification. Since IBIIVG does not use grain
surface area, the argument to return that quantity is not present in the
call and the coding in GENIS and GENOS which yields sliver surface area
is commented out as can be seen from APPENDIX A. The AW array is the
work array and sliver volumes for the inner and outer slivers of the Jth
propellant are returned through the appropriate cells in array GV.
Total sliver volume of a given class is six times the volume of each
sliver, yielding

Z(J) I - 6 # (GV(1,J) + GV(2,J))/VO(J). (9)

A branch is then made to the bottom of the loop.

IV. GRAIN-TYPE 2: SINGLE-PERFORATED CYLINDER

Initially, this grain is a cylinder of length GL(J) and diameter
D(J) pierced by a cylindrical hole of diameter PD(J), the centers of the
two cylinders coinciding. Let the web be WICJ).

As with the case of the seven-perforated cylinder, an initialization
section is processed if I = 0. The middle web, WM(J), and outer web,
WO(J), are zeroed as they are unused and the diameter recalculated as

D(J) - PD(J) + 2 • W (J), (10)

"to absorb any error in grain dimensions. Then

WRBC(J) m min (WI(J), GL(J)) (11)

is twice the depth burned at grain oxtinction. Letting E represent the
initial end area of the grain, we have

U - 1/4 D(J) 2  ir/4 . PD(J) 2 , (12)

and the initial volume is

12



VO(J) - GL(J) E

a R/4 . GL(J) (D(J) 2 - PD(J)2 ). (13)

The factor w/4 is not present in the coding as it will cancel in the
calculation of Z(J).

The post-initialization coding starts at line 190. The end-area,
E, of the grain burned to a depth of 1/2 U must be determined. First,
it is cleared by

E= 0.

If

0 < U < WEBC(J),

then we override this value of zero for E. The reduced grain length,
reduced grain diameter, and increased perforation diameter are

GL(J)-U
D(J)-U

PD(J)*U,

respectively, so, as above,

22E n/4 • (DCJ) -U) - w/4 • (PD(J) + U) 2

2 2,/4 ' ((D(J)- U) -(PD(J)÷U)), (14)

and fraction burned is

Z(J) - 1 - E B (GL(J) - U)/VO(J). (15)

Note that the factor w/4 in the calculation of E is absent in the coding
as it would cancel in the ZCJ) calculation.

V. GRAIN TYPE 3: CORD

Initially, this grain is a solid cylinder with length GL(J) and
diameter D(J).

13
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If COMMDN variable I-O, indicating the first call to FORMT, an
initialization section is processed. The perforation diameter and
inner, middle, and outer webs are zeroed for this, the Jth propellant,

* as these quantities are unused. The initial volume

VO(J) - GL(J) • r/4 • D(J)' (16)

is that of a right circular cylinder. In the coding, the w/4 is omitted
because it will cancel in the calculation of Z(J).

Post-initialization code starts at line 220. The reduced grain
dimensions

GL(J)-I'

D(J)-U

are used to produce the fraction burned

Z(J) - 1 - max(GL(J)-U,O) • max(D(J)-U,O) 2/VO(J) (17)

where th• ff/4 factor is absent, having cancelled with a like factor in
VO(J).

VI. GRAIN TYPE 4: RECTANGULAR STRIP

Initially, this grain is a solid rectangular parallelopiped with
length GL(J) width D)(J), and depth WI(J).

As above, variable I = 0 signals processing of an initialization
section. First, all grain dimensions not used are zeroed and the initial

,, grain volume

VO(J) - GL(J) - D(J) WI(J), (18)

is determined.

The post-initialization code starts at line 440. The reduced grain
dimensions, namely,

C.L(J)-U

D(J)-U
WI(J)-U,

14
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are multiplied together to produce the volume. And thus the fraction
burned is

Z(J) I - max(GL(J)-U) • max(D(J)-U) • max(WI(J)-U)/VO(J) (19)

where the maxima are taken with 0 to guarantee a non-negative grain
volume.

VII. GRAIN TYPE 5: SPHERE

Initially, this grain is a solid sphere of diameter D(J).

On the initialization pass, signaled by I a 0, all grain dimensions
except grain diameter are zeroed because they are unused.

The reduced grain diameter is

D(J)-U.

Thus fraction burned is

Z(J) a 1 - 1/6. - w max(D(J) - U,O) 3/(1/6 . i . D(J) ) (20)

- 1 - (max(D(J) - U,O)/D(J)) ,

where the maximum is taken to guarantee a non-negative reduced grain
diameter.

VIII. GRAIN TYPE 6: SLOTTED TUBE

An end view of this grain appears in Figure 2. It is an ordinary
single-perforated grain with a slot, the sides of which are p%,allel.
Initially, suppose the grain to have length GL(J), diameter D(J), web
WI(J), perforation diameter PD(J), and slot widtb WM(J).

As with the other grain types, an initialization section is processed
if COMMN variable I - 0. First, the unused dimension WO(J) zeroed.
Let

PRFD - .5 . WM(J), (21)

be half the slot width,

AIS



Figure 2. Slotted Tubs Grain -- End View
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SO 5S D(J), (22)

be the grain radius, and

SI m .5 PD(J), (2S)

be the perforation radius. In right triangles ODD and OAC we have

e " 1/2 - acos(PRFD/SO)

a 7/2 - acosCPRFD/SI),

respectively. As before, the code assuMes PI contains w. Denote by B
the end-area of the grain; then

E m area reflex sector SOP

- area reflex sector AOE

- 2 area triangle AOB
1/2 • (2, - 26) SO2 - 1/2 (2w- 2a) SI 2

- 2 1/2 * PRFD (SO . cos(6) - SI cos(a))

N(7- e) - so. (W - CL) S I2

-PRD , (SO. cosCe) -SI • cos(m)). C2S)

Thus initial volume is

VO(J) - GL(J) E. (26)

Finally,

WEBCcJ) min(GL(J), WI(J)), (27)

is twice the depth burned at grain extinction.

17



The post-initialization section of coding starts at line 510. The
end-area of the grain, E, is cleared by

E 0.

If

WEBC(J) W U,

then the grain is extinguished and a branch is taken to line 520,
producing a fraction burned of 1. Otherwise, let

PRPD a .S . (WM(J) + U), (28)

be half the new slot width,

SO- .5 - (D(J) - U), (29)

be reduced grain radius,

SI -. S . (PD(J) + U) (30)

be perforation radius, and

GRL - GL(J) - U, -.. (31)

be reduced grain length. Then e, a, and B are calculated as done in the
initialization section and fraction burned is

Z(J) - 1 - E * GRL/VO(J). (32)

IX. GRAIN TYPES 7, 8, AND 10: RIOUNDED-HBXAGONAL

Figure 3 depicts one-sixth of a rounded-hexagnal grain with

nineteen perforations. Let grain length be .GL(J), all inner webs be
WI(J), the outer web WO(J), and perforation diameter PD(J). Note that
the rounded "corners" are bounded by inside and outside circular arcs of
radii 1/2 • PD(J) and WO(J) + 1/2 . PD(J), respectively, as shown in
sector CD9.

18
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Figure 3. One-Sixth of Hex Grain End View
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The 7-, 19- and 37-perforated hexagonal grains are but special
members of a family. By induction on K, the number of hexagonal rings
of perforations, we have

NP - number of perforations - UK 2+ 3K + 1 (33) . ....
SI a number of inner slivers a 6K
SO - number of outer slivers - 6K

number of corner slivers w 12,

for K > 0.- The inner slivers ar all qoagruant to the area within.AC,
the outer slivers to the area within BCEF, and the corners to CDI.'
"Routine PORNT currently handles cases K - 1, 2, and 3 yielding, respectively,
NP a 7, 19, and 37, SI w 6, 24, and 54, andoS0 a 6, 12, and 18.

Entry for hex grains it made at statements 240, 2S0, or 600 in
FORUT where SO and SI are set to the appropriate values and a branch
taken to line 260. Here WW is the distance between centers of adjacent
perforations and WW2 is its square, PRFD is th& increased perforation
diameter and PRFD2 its square, GRL is the reduced grain length, and NOD
is the outer web. The end area of the grain, e, is initially cleared to
zero,

Figure 4 shows an'inner sliver during burning. By definition of
cosines,

e a 2 . acos(min(l, LT'/fL) (34)

u 2 acos(min(l, WW/PRFD)),

where the minimum is taken with 1 in case 0 is degenerate. Figure 5
shows an outer sliver burning. By definition of cosines,

a - acos(min(1,KI/M) (35)

I - acos(min(l,(PD(J) ÷ 2 • WOD-U)/PRPO),

where the minimun is taken with 1 in case a is degenerate. These angles
are sufficient to calculate E.

Consider the twelve corners. If

WOD < U,

they are completely consumed and their contribution to E is zero.

20
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Figure 4. Hex Grain -- Inner Sliver
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4 ' Figure 5. Hex Grain -- Outer Sliver
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Otherwise, by subtracting the area of concentric circular sectors, and
recalling that w is in PI,

E. 12 (1/2. w/6 (1/2. PD(J) +WOD- 1/2• U)2  (36)

-1/2. W/6 (PRPD/2)

*. 25 I ((PD(J) + 2 . WOD -U) 2 - PRD 2).

Consider now the inner slivers. A DATA statement provides values
of square root of '3 in Rr and './3 in P13, vatiables required for the
remainder of this analysis. If

ff13 <_ 0,

then all inner slivers are consumed so a branch is taken to line 270.
Otherwise, the area contribution of the SI inner slivers must be added
to E. Hence, referring to Pigure 4,

B a E + SI * (area inner sliver) (37)

- E + SI . (area traingle ABC - 3 • area triangle JDC

- 3 - area sector JCK)

E + SI * (1/2 • WW. (1/2 WW%3)

- 3 • 1/2 • WW . (1/2. PRFD• sin (0/2))

- 3 • 1/2 . (n/3 - 0) (PRFD/2) 2).

Then, by substitution in the line with sin (8/2) using

WV PRFD cos(0/2), (38)

and recalling the half-angle formula for sin,

B - B + SI . .25 . (WW2 -i'- 1.5 • PRPD2  (sin(e) * w/3 - 0)). (39)

Lastly, consider the outer slivers. When

a + 0/2 > w/2,
23



or, equivalently

a > 1/2 (w-0),

then the outer slivers are extinguished and a branch is taken to line
280. Otherwise, the area contribution of the SO o '-r slivers must be
added to E. Hence,

8E + SO - (area outer sliver) (40)

B + ÷ SO * (area rectangle BCEF- area triangle BCP

- 2 • area triangle NEC - 2 . area sector M1.)

E 5 + SO (WW (PD(J) + 2 . WOD-U)/2

- 1/2 W WW * (1/2 •PRFD * sin (8/2))

- 2 . 1/2 (D(J) + 2 . WOo-U)/2 . (1/2 . PRPD sin(c))'2/
- 2 1/2. (w/2 - a- 9/2) * (PRPD/2) )

E + SO . .125 • (2 (2 . WOD PD(J)-U) • (2 - W - PRPD sin(a))

- PRFD2 . (sin(e) ÷ - 2 e - .

This concludes the calculation of E. If variable I -, 0, then the
initialization section is bypassed and Z - 1 - E • GRL/VO(J). Otherwise,
the grain diameter D(J) is recalculated for printout purposes, As in
the case of the other grain types, the initial grain volume must be
computed.

Initially, we have

urnO

PR•D PD(J),

and all slivers and corners are preseht. This implies

E -25 * it, ((PD(J) + 2 WOD) 2 PD(j)2) (41)

+ SI '.25 (W 2 *-47;' 1.5 * PD(J)2 - */3)

+ SO, .125. (2• (2 WOD + PD(J)) *2 * WW- PD(J) 2 , i)

24
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- WODo (WOD + PD(J)) + .25 • SI • WW2 2

- .125 (SO + SI)• PD(J) 2 + SO WW. (WOO + 1/2 PD(J)),

and

VO(J) - GL(J) E. (42)

Finally, a check must be made to see whether th. outer sliver-
remains within its original bounds, for if it does not, the above analysis
is invalid. That is, the point P in Figure 5 must not reach the midpoint
of It before the perforation centered at C does. Equivalently, we must
have

_ 1/2 1 - 1/2 PD(J) (43)

WOD + 1/2 PD(J) • 1/2 WI (J)

2 e WOO + PD(J) >WI(J),

and conversely, Otherwise, FORMT will stop with an error message.

X. GRAIN TYPE 9: NINETEEN-PERFORATED CYLINDER

Initially, this grain is a cylinder pierced by ninetetn uniform
cylindrical perforations. An end view is shown in Figure 6. Its length
is GL(J), diameter D(J), and perforation diameter PD(J). It is charac-
terized by three webs: inner, WI(J); middle, W4(J); and outer, WO(J),

If COMMON variable I 'is greater than zero, the initialization
section is bypassed by a branch to line 320. Otherwise, the grain
diameter is recalculated to absorb any inconsistencies as

D(J) n S - PD(J) * 2 , (WI(J) + Wbt(J) + WO(J)), (44)

and the grain volume is computed by

VO(J) a GL(J) (w/4 D(J) 2 . 19 w/4 • PD(J) 2 ) (45)

a .25 . * GL(J) (D(J) 2 - 19 . PD(J) 2).

25
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Figure 6. Nineteen-Perforated Grain -- End View
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The reminder of the initialization section and the whole of the
post-initialization coding is drawn directly from the worked example,
Section IV, in Reference 4 with IFLAG, SF, AN, GV being the flag, side,
work, and volume arrays. The only novelties are the addition of an
additional subscript for the Jth propellant and the removal of the sur-. face &Tea computation. The latter was. discussed in the case of the

seven-perforated grain, above.
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C PORNT600? 19-APR-S1
suIRaUTINI FORAT
SCOIN2IISNITEIJPLASI 3

MaqN)It Um~xcl) MRi)~(5sT( I IeCv6~ VO oW#PP4L I ))e S

$I CMp1101m PDVDPF4LPTPPoP SO Op HPoPIRPP*TPPs VPPoXPPoAPPP
$A OK*D IPPs IZPPPZIPPPDZ4PPDZ IFPo C0EFFpDIN3*CTN.P ItVO II I#

0IMESI1N WESC(3ISF(3poiA4#oiILG4~o~49
DATA RTIL..?I20BOSOBIPIII1.04?19?5311

C
c**q* rIAD FRACTIONS BURNED 2(J) FOR J-1olos.eat PROPILLAIS

00 1000 JulA

C.**$ IYPASS IF JTI4 PROPELLANT UNIGNITED 13R EXTINQUIS41ED
IF(2(J).SE.1..OR.ZCFILAO(J).o.-ý0) SOTO 1000

C*4* Sit U a I X WITHN BURNED 9 BRANCH4 ON GRAIN TYPO

SCOr (24p 1809210# 430p 44p SOO# 250PS40,110#600) AIJ I

C*** CODE It F-PORF GRAIN
20 tF(IsGI.0l SOTO 50

l9LAGElJlJv-1
IFLAS (IDJ )u1

W~uUI 4J)+P0MJ
00 30 Ka1,3
SF ( Is J)*3 11
SF(Ktl#J)*WW

90 GRLvA'qAXIIGL(Jl-U#0.I

PRFO.PDIJ )*U
lF(UQTsVE0C(J)l SOTO 60

ZlJlvl*-BRL*llVUI J?

60 CALL FISF11JA'1,JIPFRLAIJ)G 1.I
CALL GFROM(F (1,tpJ)p AWII#2#J l*PPF~oBLse9*O* 0IPLAlltJlm0V( 2#J)1
IIJI' 1-B. * ISV(I J 1*0VI(s J) )VO IJI
Coto 1000

C
C**0 CODE is I-PIRF CRA1N
tic IptIGTou) 40T0 190h

vRAClD)*4MINl(GLlJ)sW!(JI
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190 9444.

* Savo 1000

C*** Coot is CURD GRAIN
t10 IP11.61.11l 6010 Ito

* POIJIMOS

SOTOJ1000

C*00 C101U Is 03UND-IEY 19-PERP GRAIN

S0OTO 2*11

C$** COOS It WOU40-HfX I7-PIPF GRAIN

tlr-Fu #EPll 00 1

tPFU9*TWo+O(l &..lS*PI(ll.*Wa0P0J1U*$qRO

31 QIP(I6.0J 600 CT 290

A111 r H 140t

IPIIJ.E.1) t~uS*P~J)t.WIJ)2.WO

. .. . .. .. .. ... ..



IF I I* as jI uSp Lll J

iIF110 4i1 w.oglsom~.I~i~oj p9ltII)0J2*

SPt. 5.J2*WNIVOJ)*PI

340 CNI.ANUIGLJ-G,

Goya 00042

IPIU.CODE 41 ICTAJ))A S0TRI SPAI

42 (142361 soya iV oJ

60T0 1000

390 00lgye 3 OT0 40,3

Iota 1000

C*$** clef 48 RUIANSULAR06 STRIPPI
40) TPII.T0U) SOTO 440

41019440

$OIJ09SI42D(IVIJ
440 ftIJIL.-AMAN1ISL(J2-U,0)*NX(J),9*

SAh'LP4A*%$I)-U,0.)IV0O/I1

SUTO 100



*PPo~tp 044sO* fI 1TA I-$ 10034ALP1441 11

ORLaILSJI-VJIo
I,, T4TI AGOWS*P-ACOSIPRPS11

SCUISIT94TAI-310COt £ALPHAII

$oro aod
c

1003 COMMIIU
RIUTIN

IIN
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C 9E141300J1 11-DIC-TI

C SUEROUTIMI *SENRS*s CALCULATE SURFACE ARIA ANDOVOLUN FOR A
C 61EN1RAL INNER SUtVIR OF A 5000104. "AIN
C WITH LENOT v ORL i PIRP DIAN a 009o.
C

DININSION 5S4310014
DATA Pit? 1697`67961 1

C
FIlPItLAI) 10430#20

C 1IILP31IOLA$ WAS S11 NESATIVE IV CALLMS ROOMINE

C STORE ANGLES3 AIPUAIM ANO ARIA OfP TRANGLI
c WIT14 SI01S 1411#311)DSES) INTO AfAlmsesAMA

to Ali) 0 kc

C
A oe CKFO * POV ,S* ONI4 D*IMTI2))ID FTINGEACPTIl

C

C

IFLAII.T.IP1 a 0 ~
C

C SOCC610DING OASSES UNTIL IURNOUTI FIND AUXILIARY ANGLES
c

liTAIjI CSAIMt.S lRO
I'AUll ACOI(ANI"141., $I 1PAP011

C ev#440 IRAMC4I IF SLIVER FAIL$ GURNOUT CRITERIA.
C

lf(IAU120TAUSS*TAURSeLloP12 *AND* GRL.GTsO.I SOTO10

C SLIVER JUST IUNNE DOUTI SAY FLAG TO IYPASS ARIA & OOLUNE CALCULAMMtIS
C

IFLA# e I

C
C SLIVER NOT EURNID OUT$ DETERMINE RND ARIAP VOLUNE, ANO SURFACE AREA

C

C

C 3'JRF 1* b.EGL.PRFO*IPIl-TAUIE-TAUIS-TAUZDI
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4944.A40 RITVRNO

SLIIR s 0400 OTIRITURN WIT14 1ERO VOLUNI AND IVIACI ARIA*

I'I0
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SINGOUTIME 41403 1 W# PRFPDSPL#RADPIFLAIP VOL I

C StIR'OUINI 0G1003$1 CALCULATE SURFACE ARIA AND VOLURE FOR A
C GEN1RAL OUTIR SLVER OF A BURNING GRAIN
c VIT4 CENGTH a-OIL# RADIUS a PAkD AND
C PERU DIAN ?RD
C

I - D14111S10N 3515)AMA
C

C MIFLAI) 10,20,50

C IN'rIAL PASSa MFAO WAS SIT NEGATIVE if CALLING ROUTINE&
C STORK ANGLES AIDAQDAS AND ARIA Or IRIANILE
C WITH S1011 ShIMPS(IPS481 INTO A(LI,...A141
C

All) a A OIS1*lSl.l5S*Ig3*IPSaI
C

At's) a .'*St)*Sl)INIAMIE

C ...AMD Sit FLAG TO 26R0 TO BYPASS INITIALIZATION '4IREAPTIR*
C

IFLAG 0
C
C SICC1EDI'4G PASSES UNTIL IURNOUTI FIRST 0E11I0I41 AUXILIARY ANGLES
C

20 TAUl CSAI1Sdt)*4A*I.BPF*3Il*~)RD)

TAU4 a ACOSIANAINII. SSGI4A*aBPROl)e,*I)R~)

C
lEG U~T~tts~l o*0 ACOS(AINL(1.St1)PRFD

C
C .N BRCHE SLIVERJS SPI PATISI BROT CLARTITPI3 RIA.9VL" ALUA14

V. C
IFITASJITU.TAA aAO IR.T0) OO

4 ~~C SLIVER JUST URUNED OUT FISET FLACK TRORBPS ARNIAI VOLUNes CLUAI
C

%FLLG ERO I$

C
C SLoIVE NOKP BURMNE TI FIND T 4 H1CK ERRORI CON SU IOCESARI
C

3 * 6



c SURFl-~~I

C 6464'40 RETURNS

C IL:VR:::It URNID CUT$ RETURN 41TH 1143 YOLUNI AND SURFACE ARIA.

RITURII
CN

37

mil



S I •

* i"

APPENDIX B

LIST OF SYMBOLS

Ii

IIL

nI n nI |nn n



LIST OF SYMBOLS

Symbol Array Description

N (NO) Number of propellants,

Z Y (YES) Fractions bwned

ICFLAG Y Ignition threshold flags

N Y Grain codes

U N Twice depth burned "

I N Flag, equals 0 on initial pass
VO y Initial grain volues

IPLAG Y slivering flags

GV Y Sliver volumes

WEBC Y Overall grain webs

SP• Work arrays

AW Y

T N 3

PI
PI3 N U/3

SGL Y Grain lengths: all codes except 5

'D Grain diameter$: all codes except 4

Grain widths: code 4

PD Y perforation dj.aters: codes 1,2,6,7,6,9

WI Y j Inner webs: codes 1,2,6,7.8,9
Grain thicknesses: code 4

WM y Middle webs: code 9
slot widths: code 6

WO Outer webs: codes 1,7,6,9

WOD N

40
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LIST OF SYMBOLS (cont'd)

Symbol Array Description

W N Distance between perforation centers

wN2 N WW W

GRL N Grain length - U

OD N Grain diamater - U

PRPD N Perforatioh diameter ÷ U

PRFD2 N PRFD , PRPFD

B N End-area of grain

ALPHA N Various angles
THETA)
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6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
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Name:___________________
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